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ARTICLE INFO ABSTRACT
Article history: Arsenic (As) induced identifiable health outcomes are now spreading across Indian
Received 8 February 2010 subcontinent with continuous discovery of high As concentrations in groundwater. This
Received in revised form study deals with groundwater hydrochemistry vis-a-vis As exposure assessment among
1 April 2010 rural population in Chakdaha block, West Bengal, India. The water quality survey reveals
Accepted 8 April 2010 that 96% of the tubewells exceed WHO guideline value (10 pg/L of As). The groundwaters
Available online xxx are generally anoxic (—283 to —22 mV) with circum-neutral pH (6.3 to 7.8). The hydro-
chemistry is dominated by HCO3 (208 to 440 mg/L), Ca®* (79 to 178 mg/L) and Mg?* (17 to
Keywords: 45 mg/L) ions along with high concentrations of Ast (As total, below detection limit to
Arsenic exposure 0.29 mg/L), Fer (Fe total, 1.2 to 16 mg/L), and Fe(1l) (0.74 to 16 mg/L). The result demonstrates
Hydrochemistry that Fe(I)—Fe(Ill) cycling is the dominant process for the release of As from aquifer sedi-
Fe Cycling ments to groundwater (and vice versa), which is mainly controlled by the local biogeo-
Redox chemistry chemical conditions. The exposure scenario reveals that the consumption of groundwater
Rice and rice are the major pathways of As accumulation in human body, which is explained by
Risk assessment the dietary habit of the surveyed population. Finally, regular awareness campaign is

essential as part of the management and prevention of health outcomes.
© 2010 Elsevier Ltd. All rights reserved.

1. Introduction past three decades globally. The increased exposure of As is

generally associated with the incidences of cancer and other
A growing concern over the incidence of widespread human public health hazards. The occurrence of As (mostly inorganic
exposure of arsenic (As) has been seriously noticed during the forms) in groundwater have been documented in several parts
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of the world including countries like USA, EU, Australia and
several Latin American countries (Guha Mazumdar et al., 1988;
Bhattacharya et al., 1997; Nordstrom, 2002; Chakraborti et al.,
2004; Kapaj et al., 2006; Nriagu et al., 2007; Bundschuh et al.,
2009; Bundschuh et al. 2010, this volume). However, the situ-
ation in Southeast Asia, notably in Bengal Delta Plain (BDP,
West Bengal) is critical, since As-enriched groundwater is
posing a serious threat to the community drinking water
supply and human health (Bhattacharya et al., 2002, 2007;
Smedley and Kinniburgh, 2002; Chatterjee et al., 2005;
Rahman et al., 2009a).

Arsenic compounds are known human carcinogens and
their toxicity to mammals has been reported by several
workers (Bates et al., 1992; NRC, 1999; IPCS, 2001; ATSDR,
2007). In the BDP, the level of human exposure of As is
unprecedented both in terms of geographical area coverage
and incidences of identifiable health outcomes
(Bhattacharyya et al.,, 2003a; DNGM, 2008; Rahman et al.,
2009a). The chronic exposure of As from groundwater (expo-
sure level: >0.05 mg/L; duration: >6 months) often leads to
several types of skin manifestations (e.g. melanosis, leuco-
melanosis, keratosis, hyperkeratosis, etc.), non-pitting edema,
respiratory diseases, gastro-intestinal, liver and cardio-
vascular problems including cancer (Bates et al., 1992;
Hopenhayn-Rich et al., 2000; NRC, 2001; Vather and Concha,
2001; Kapaj et al., 2006). However, several studies reveal that
skin lesions are relatively minor health outcome and probably
occur due to ingestion of groundwater containing high As
concentrations (>0.05 mg/L) for a prolonged (~8 years) time
period (Kapaj et al., 2006; Smith and Steinmans, 2009).

Recent studies have revealed that human exposure of As
has resulted from several pathways such as drinking water,
food, beverages, soil, inhalation of dust and atmospheric
particulates (Bhattacharyya et al., 2003b; Kapaj et al., 2006;
Kar et al., 2006; Nriagu et al., 2007; Nath et al., 2008; Naidu
and Bhattacharya, 2009). Arsenic once ingested (mostly as
oxyanions), can be metabolized in the human system
through various processes and pathways to form a large
number of methylated species. Among the metabolites, the
methylated metabolite of As [mAs(Ill)] has shown to be
cytotoxic, more potent inhibitor and stronger promoter of
oxidative DNA damage (Chen et al., 1997; Thomas et al.,
2001). Skin lesions including pigmentation changes and
keratosis are commonly thought to be the hallmark features
of As exposure including internal and external cancers,
peripheral vascular disease, hypertension and diabetes (Chen
et al.,, 1997; Kapaj et al., 2006; Rahman et al., 2009a). Tseng
(2009) observed that the variability in the capacity of As
methylation among individuals might exert significant
control on human As toxicity. Nutritional status is also an
important factor in the methylation capacity of individuals
and especially folate has an important role in the methyla-
tion and excretion of As.

The toxicity of As generally exerts when it enters into the
circulatory system, which largely depends on the amount of
ingested As (current as well as lifetime) and exposure duration
(prolonged as well as discrete) (Caussy, 2003). Several studies
have indicated that the consumption of rice is the primary
source of As in non-seafood diet, especially in the tropical
region (Roychowdhury et al., 2002; Meharg and Rahman, 2003;

Williams et al., 2006; Smith et al., 2006; Torres-Escribano et al.,
2008). Similarly, in rural Bengal, rice and rice water (i.e. starch
water) are considered as the staple food or food substitute,
which are mainly consumed thrice a day, during breakfast,
lunch and dinner (Halder, 2007; Rahman et al., 2009b). Global
consumption of milled rice is ca. 400 million tons in a year
(Ricestat, 2007) which represented ca. 50% of total cereal
consumption. However, the quality of rice varies widely,
depending on the source (e.g. varieties, growing condition and
use of fertilizers) and processing techniques (Raab et al., 2009).
Therefore, the use of As-enriched groundwater from shallow
irrigation wells for cultivation (mostly summer paddy) and
food preparation may lead to significant As exposure among
the individuals. (Naidu and Bhattacharya, 2009; Rahman et al.,
2009b).

Recently, West Bengal State Government, non-govern-
mental organizations (NGO’s) and other local agencies have
taken up the responsibility to monitor drinking water quality
and campaign for As awareness in the rural Bengal. However,
major part of the As-enriched region is uncovered under this
surveillance program. We therefore have taken an initiative
to study whether the people in uncovered part are aware of
the As-induced calamities. This study aimed to understand
the hydrochemistry of the As-enriched groundwaters that are
often used by the rural villagers for domestic (e.g. cooking,
drinking, cleaning, etc.) and agricultural purposes. Using
questionnaire based field survey, attempts have also been
made to evaluate the role of confounding factors (e.g.
awareness for health, hygiene, etc.) linking As exposure to
human. We expect that the outcome of this investigation may
lead to the formulation of revised policy option for the people
at risk.

2. Materials and methods
2.1.  The study area

The study area (Chakdaha block; latitude:
23°00'20"N—23°05'20"N; longitude: 88°31'40"E—88°49'00"E) is
an integral part of the world’s largest delta (Gang-
es—Brahmaputra—Meghna deltaic alluvium, GBM system),
located in the eastern bank of the river Hooghly, the major
distributory of river Ganges (Fig. 1). The study area is adorned
with several geomorphological features such as series of
meander scars of varied wavelength and amplitude, aban-
doned channels, oxbow lakes, inter-distributory levees and
flood basins with gradual southern slopes (Nath et al., 2005).
The land use pattern of the study area is consisting of agri-
cultural land (~70-75%) where rice cultivation is the major
agricultural practice (Jana, 2003; Chatterjee et al., 2003;
Mukherjee et al., 2007). The climate is typically hot and
humid (temperature ranges between 6 and 43°C, average
relative humidity > 65%) with annual rainfall ranges between
1172 and 1635 mm (mean: 1436 mm) (DSH, 2005). The climatic
data was recorded between 1999 and 2003.

In the study area, most of the tubewells (> 90%) are
privately owned (10-50 m depth), which are generally not
considered for monitoring program under the surveillance of
drinking water quality campaign organized by the state
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Fig. 1 — Map of the study area in the Bengal Delta Region located at the Chakdaha block, West Bengal, India, an integral part
of the Ganges—Brahmaputra—Meghna (GBM) delta showing location of the sampling sites.

government/NGO’s/local agencies. There are also a few public
tubewells (> 100 m depth) that are commonly used for the
community water supply. Large number of irrigation well
(~10-50m depth) are also used mostly during summer
months (May—July) for agricultural purpose.

2.2. Sampling and analytical technique

The groundwater samples (n=30) have been collected from
the tubewells in pre-cleaned plastic bottles. The samples
have been filtered on-site using 0.45 pm membrane filter and
divided into two groups. The first group has been acidified
with a nitric acid (0.25% v/v, suprapur, MERCK) for the
analysis of total As (Ast) and total Fe (Fer) using HG/GF
mode Atomic Absorption Spectrophotometer (AAS-240, Var-
ian Inc.), while major cation analysis has been performed
with the help of Ion Chromatography (761 Compact IC,
Metrohm). The second group has been left un-acidified for
the analysis of major anions using IC (761 Compact IC,
Metrohm). Few field parameters, e.g., pH, Eh, electrical
conductivity, temperature, dissolved oxygen and alkalinity
(titrating with 0.02 M H,S0O,) have been measured at the well
head. Fe(Il) concentrations were measured colorimetrically in
the field following the o-phenanthroline method (Jeffrey et
al., 1989) using Perkin Elmer Lambda-20 spectrophotometer.

Raw rice samples (n=30) have been collected from each
household where groundwater samples have been collected
previously. Initially, rice samples have been washed with de-
ionized water (~18 MQ) and oven dried at~65°C for 48 h.
Dried rice samples have been grinded manually using a pestle
and a mortar to homogenize the material. The homogenized
sub-samples (~0.2 g) have been weighted into Pyrex glass

digestion tube followed by addition of 2 mL of concentrated
HNO; (suprapur, MERCK). The homogenized solution has
been kept for overnight at a room temperature. The samples
were then heated to 120 °C on a heating bath until a clear
solution was obtained. The digested samples were then
cooled and volume was adjusted to 10 mL. The samples have
been analyzed for Ast by using AAS, HG/GF mode (AAS-240,
Varian Inc). Rice samples (high aroma long grain and Kohi-
noor Indian Basmati) collected from the local market have
been analyzed in the same manner and used as a control
specimen. Commercially available reference materials were
also used to ascertain analytical accuracy, which provides
quality control of +£10%.

The societal evaluation (age and gender distribution,
ethnicity, education and occupation) has been done during
water quality survey and at least one principal user of each
tubewell has been interviewed in local language (Bengali)
using a standardized questionnaire. Awareness level for
health, hygiene and As toxicity has been assessed for the
study population. Body mass index (BMI, kg/m?) was also
calculated for each of the interviewed users, which has been
calculated as the individual's body weight divided by the
square of the height of individuals.

3. Results and discussion
3.1. Groundwater hydrochemistry
The survey of the tubewells have been conducted during

March 2006 (Phase-I) and 2007 (Phase-II) in the localities of
Chakdaha block to demonstrate the groundwater quality
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scenarios. The surveyed localities (mouzas, the lowest
administrative unit) were not covered under the As awareness
campaign and water quality surveillance program recently
taken up by the State Government and other agencies. The
summary of the physico-chemical parameters of the
groundwater in each of the surveyed mouzas is presented in
Table 1.

The pH of the groundwater is circum-neutral (6.3—7.8;
mean: 7.0) and contains moderate to high electrical conduc-
tivity (580—1220 pS/cm; mean: 814 uS/cm). The Eh values (—283
to —22 mV; mean: —105 mV) demonstrate anoxic nature of the
aquifer. Among the characteristic chemical features, the
groundwater shows high values of alkalinity (208—440 mg/L;
mean: 329 mg/L), Ca®" (79—178 mg/L; mean: 113 mg/L), Na*
(10—35 mg/L; mean: 20 mg/L), Mg?" (17—45 mg/L; mean: 28 mg/
L), SOz~ (0.96—19 mg/L; mean: 5.7 mg/L), Cl~ (8.2—123 mg/L;
mean: 35 mg/L), PO3~ (1.7—7.9 mg/L; mean: 3.6 mg/L) and NO3
(0.02—4.6 mg/L; mean: 0.37 mg/L).

The groundwater also contains high concentrations of
redox sensitive elements such as Ast (below detection limit
(bdl) to 0.29 mg/L; mean: 0.10 mg/L), Fer (1.2—16 mg/L; mean:
6.4mg/L) and Fe(ll) (0.74-16 mg/L; mean: 6.0 mg/L). It is
important to note that only one well (~63 m depth) indicated
As concentrations below WHO recommended values (0.01 mg/
L). In fact, the survey reveals that groundwater is often
exceeding the WHO guideline value as well as the national
limit of the Bureau of Indian Standards (BIS, 0.05 mg/L) where
no alternative sources are available. The survey of the tube-
wells shows that 33% of the groundwater (n = 10) contains Ast
concentration < 0.05 mg/L, whereas another 33% of the wells
(n=10) contain Ast between 0.05 to 0.10 mg/L, while the
remaining 33% contain Asr>0.10mg/L. This study also
depicts that As concentration in groundwater is spatially
variable. The reason could be due to variation in the deposi-
tional behavior of the source sediments.

3.2. Relationship between arsenic, iron and major solutes

The relationship between Ast and Cl™ is moderate (Fig. 2a),
which suggests different sources of Cl™ in groundwater, e.g.,
high CI™ is most likely to originate from septic tank leachate,
water softening and other household activities. During field
survey it has been observed that household sanitations (pit
latrine) are coupled with drinking water sources (i.e. tube-
wells), which might lead to the Cl~ enrichment in ground-
water. Poor sanitation was also observed throughout rural
Bengal where near-surface aquifers were generally enriched
with Ast and CI™ (Nath et al., 2008). However, in some cases
high Ast tubewells were observed to contain low Cl.

The relation between Fer and HCO3 is moderate (Fig. 2b),
which is also true for Ast and HCOj3 (Fig. 2c). High concen-
tration of Fer in groundwater is possibly due to reductive
dissolution of Fe-oxyhydroxide solids (i.e. transformation of
Fe-IIl to Fe-II), whereas HCOs concentration is mainly
induced by the local biogeochemical processes
(Bhattacharya et al., 2002; Nath et al., 2008). Fredrickson et
al. (1998) demonstrated that the bicarbonate-buffered
medium can promote microbial reduction of hydrous ferric
oxide because bicarbonate can able to complex with

bioproduced Fe(Il), and precipitate as siderite, effectively
acting as a sink for Fe(ll) and Asr removal. Moreover, the
cyclic behavior of Fe in the aquifer can also be maintained
by the presence of electron donor such as NO3 (mostly from
anthropogenic sources):

1. Present situation (natural)
2Fe(OH); + CH,0 + 2H* — 2Fe®" + CO, + 5H,0

2. Denitrification (natural)
4NO3 + 5CH,0 — 2 N, (g) + 4HCO3 + CO, 4 3H,0

3. Nitrate reduction by ferrous ion (anthropogenic)
NO; + 5Fe®* 4 12H,0 — 1/2N, (g) + 5Fe(OH); + 9H*

This study further demonstrates that the high As tube-
wells (> 0.1 mg/L) are mostly installed recently (Fig. 2d). The
reason for this behavior might be due to discrete carbon
source that lowers the redox status of the aquifer. In BDP,
millions of tubewells have been drilled using indigenous
technique where cow-dung (carbon source) has been used
as a local cementing material to reduce the cost of the
drilling. The cow-dung is an easily degradable natural
organic material (quickly decomposed by the bacteria)
which may supply additional carbon to the system and
thereby maintaining reducing condition at depth. However,
few relatively shallow old tubewells (< 14 m, 12—14 yrs age)
with high As concentrations were also observed, which
might be as a consequence of continuous source of natural
organic matter.

The relation between Ast and SO;~ (Fig. 2e) is always
interesting to note in the BDP due to strong reducing character
of the aquifer. The tendency of sulfate reduction in the anoxic
environment is important when groundwater contains
elevated levels of As and Fe (Nickson et al., 2000; Chatterjee et
al., 2003). In the study area, high As and SO3~ concentrations
have been observed, which is possible when the aquifer is
relatively near-surface (e.g. <15m depth). The household
private tubewells located near the pit latrine and/or low-lying
areas explains such situation. While, low SO3 concentrations
in the aquifer suggest occurrence of bacterial sulfate reduc-
tion, forming biogenic sulfides (e.g. pyrite).

The depth profile of As shows evidence of As enrichment
in the deeper Holocene aquifer of the study area (> 80 m, Fig.
2f). Arsenic in the deeper aquifer is a serious issue because
deeper aquifers are regularly used by the villagers for
drinking purpose to combat As menace. High As in the
deeper aquifer is a new phenomenon in rural Bengal. This
suggests that the terminal Pleistocene—Holocene/Pleistocene
depositional sequences may have reduced, which has earlier
reported to be oxidized and As-free (Smedley and
Kinniburgh, 2002). During field drilling campaign, it has
observed that such Pleistocene sediments are greenish-
brown or olive green in color with moderately reducing
character (McArthur et al.,, 2004). However, these sediments
are distinctly different from the oxidized sediments reported
from many parts of the Bengal Delta characterized by typical
reddish brown/orange color (von Brémssen et al., 2007, 2008;
Pal and Mukherjee, 2009).
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Table 1 — Summary of the salient groundwater chemical parameters and As in the rice collected from the study area.

Mouza- Mouza Depth Age pH Eh EC  Alkalinity PO3~ NO3 cl- S0}~ Na* Ca** Mg** Fer Fe(ll Asrin Asin
ID name (m) (yr) (mV) (us/cm) (mg/Ll) (mg/l) (mg/l) (mg/l) (mgLl) (mglL) (mgl) (mg/l) (mgLl) (mglL) ground rice
water (mg/kg,
(mg/L)  dw)
I Ballavpur 95 4 7.4 —88 750 294 5.5 0.09 12 7.2 28 119 32 7.5 6.7 0.04 0.14
Ballavpur 28 2 7.5 —196 600 250 5.2 0.04 10 6.9 23 99 29 8.8 8.5 0.05 0.12
Ballavpur 21 14 6.8 —133 900 402 5.0 0.07 27 23 27 118 18 8.5 7.6 0.05 0.08
Ballavpur 14 3 7.3 —40 900 371 5.4 1.2 22 1.6 19 101 29 1.8 1.3 0.05 0.08
I Mahanala 34 4 6.9 —61 850 395 3.6 0.10 19 12 16 121 26 7.4 6.6 0.10 0.14
Mahanala 25 4 7.4 -56 1170 440 3.2 0.12 32 8.7 26 109 22 2.5 2.0 0.14 0.12
Mahanala 37 12 7.1 -50 1220 417 1.7 0.11 54 1.3 23 101 31 2.3 1.9 0.22 0.04
Mahanala 52 3 7l -30 900 252 4.2 0.85 14 4.1 24 114 24 1.6 1.2 0.07 0.06
111 Belghoria 19 6.3 -22 920 288 7.2 1.1 35 7.1 15 96 27 24 1.7 0.02 0.14
Belghoria 63 27 7.4 —34 800 308 2.5 0.46 18 19 11 103 19 3.1 2.5 0.00 0.18
Belghoria 52 15 7.8 —109 900 404 1.8 0.08 20 24 10 79 45 6.3 6.0 0.04 0.24
Belghoria 137 1 7.7 —146 1050 408 23 0.07 29 1.1 29 120 37 9.2 8.9 0.08 0.08
Belghoria 15 4 7.2 —56 580 343 2.2 0.33 8.2 2.1 11 122 18 4.1 3.1 0.09 0.12
v Srinagar 33 3 7.8 —283 840 318 2.3 0.03 15 2.0 11 86 30 2.7 2.6 0.05 0.04
Srinagar 52 2 7.3 —45 730 236 7.9 0.52 11 2.2 11 84 26 3.9 29 0.08 0.06
Srinagar 30 4 7.0 —94 650 304 7.8 0.07 17 3.9 19 104 26 8.4 8.1 0.19 0.06
Srinagar 30 6 6.8 —142 698 350 4.5 0.06 93 0.98 34 178 40 6.8 6.6 0.13 0.21
Srinagar 12 1 6.4 —135 690 355 4.3 0.06 15 0.96 12 97 30 14 13 0.29 0.2
A Purbabishnupur 26 8 7.0 —125 860 340 3.2 4.6 123 18 18 116 23 1.2 0.74 0.28 0.04
Purbabishnupur 25 3 6.6 -82 666 301 2.1 0.06 23 3.7 18 99 23 7.8 7.6 0.11 0.08
Purbabishnupur 14 2 7.1 —134 780 298 3.2 0.04 29 7.2 20 118 34 8.3 8.1 0.18 0.04
Purbabishnupur 45 13 6.9 -132 1100 320 2.8 0.06 62 1.0 22 141 43 11 11 0.13 0.36
Purbabishnupur 49 2 6.7 125 785 275 1.8 0.07 11 1.1 19 86 20 16 15.8 0.04 0.08
VI Rukminidanga 20 9 6.8 -79 910 220 2.0 0.08 44 14 13 144 27 8.3 8.0 0.04 0.12
Rukminidanga 13 5 7.5 —214 655 208 22 0.02 109 1.0 16 124 27 10 9.9 0.04 0.1
VI Rasullapur 112 10 7.2 =55 740 398 22 0.56 72 17 17 136 25 4.1 3.1 0.05 0.12
Rasullapur 32 5 6.7 —126 615 332 2.5 0.08 19 5.9 29 108 30 5.2 4.9 0.10 0.18
Rasullapur 95 7 6.6 —109 865 358 3.0 0.05 51 11 16 153 17 8.0 7.7 0.06 0.02
VIII Balia 32 2 6.5 —135 670 320 3.0 0.05 27 1.3 35 115 45 7.2 7.0 0.09 0.12
Balia 37 4 6.8 -115 632 359 3.2 0.08 24 2.5 21 111 29 4.9 4.7 0.06 0.14
Minimum 12 1 6.3 —283 580 208 1.7 0.02 8.2 0.96 10 79 17 1.2 0.74 0.00 0.02
Maximum 137 27 7.8 -22 1220 440 7.9 4.6 123 19 35 178 45 16 15.8 0.29 0.36
Mean 42 6.1 7.0 —105 814 328.8 3.6 0.37 35 5.7 20 113 28 6.4 5.99 0.10 0.12
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Fig. 2 — Relationship between: (a) Ast and Cl~; (b) Fer and HCOj3'; (c) Ast and HCO;'; (d) Ast and age of the tubewell; (e) Ast

and SO3~; and (f) depth profile of Asr in groundwater.

3.3. Arsenic exposure pathway

It has often observed that the percentage of As patients and
their health outcomes are spatially variable and linked with the
spatial variation of iAs in drinking groundwater (e.g. Kapaj et
al.,, 2006). The assessment of iAs in groundwater and vis-a-vis
in rice among surveyed localities (Mouzas) of rural Bengal
shows close relationship with each other (R* = 0.47; Fig. 3). Field
experience reveals that such Mouzas generally have wide-
spread groundwater pumping from the near-surface aquifer
(<15m depth) containing elevated Ast concentrations
(> 0.3 mg/L) (Halder, 2007). This might result in the accumu-
lation of As in the surface soils, which is transferred to the
crops that are grown on these soils and finally transferred to
the human system. Previous studies in rural Bengal have
shown that accumulation of As in the surface soils was asso-
ciated with high As concentrations in the underlying aquifer
(Nath et al., 2008).

The mean iAs concentration in the rice samples collected
from the study area is 0.12 mg/kg, dry weight (dw) which is
comparable with the previous study (0.13mgkg, dw)
(Williams et al., 2007). This suggests that the dietary intake of

rice should receive much attention for understanding the As
exposure scenario. Rice is by far the largest dietary source (50
to 70% of the total meal) of iAs for rural populations even
where drinking waters do not contain elevated levels of As.
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Fig. 3 — Comparison of Ast in groundwater and rice in
different mouzas of the study area (Chakdaha block).
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Table 2a — Status evaluation (%): age and gender distribution, marital status, ethnicity, education and occupation through

Questionnaire Survey.

Age group Gender and marital status (%) Ethnicity(%) Education Occupation
(yrs) . - - 3 (%) (%)
Gender (%) Married (%) Unmarried (%) Hindu—Muslim
Subset I (6—10) Male: 9 0 100 100—0 Illiterate: 12 Farmer: 62
Female: 8 0 100 100—-0 Primary: 55 Shopkeeper: 14
Secondary: 25 Daily wage labor: 8
Subset II (11—20) Male: 11 12.5 87.5 88—12 High Gl G M .3
le: 9 33 17 100—0 1gher secondary: ason:
s Undergraduate: 2 Home maker: 10
Subset IIT (21-30)  Male: 11 80 20 90-10 Others (teachers,
Female: 10 100 0 100-0 health workers): 3
Subset IV (31—40) Male: 11 100 0 100—0
Female: 12 87.5 12.5 100—-0
Subset V (41-50) Male: 9 100 0 100—-0
Female: 10 100 0 80—20

Moreover, the inter-connectivity between different exposure
routes (e.g. groundwater and rice) is also an important issue to
understand the current role of exposure pathways to human
system and its health effects on a spatial scale such as BDP
(Khan et al.,, 2009a,b). The health effects largely depend on the
bio-availability of As in the ingested matrices (e.g. drinking
water, food, etc.). The ability of iAs (bio-available forms)
absorption into human body followed by entering into circu-
latory system is the key determinant for the various measures
of exposure routes (e.g. water intake, food habits, etc.) and its
effect (e.g. skin lesions). However, the exposure and the effect
of As to human is mainly depends on the biochemical affinity
of different forms of iAs to human tissues, but, such affinity
largely depends on the distribution of As species among the
tissues, kinetics of deposition and varying methylation
process.

3.4. Potential confounding factors for arsenic exposure
into human system

This study also focused on the potential confounding factors
apart from the As contents in food and water and exposure
time. The most important factors are dietary and lifestyle
habits, socio-economic status, demographic variables,
education and hygiene. A door to door campaign has been
conducted during the study period with the help of a well
structured set of questionnaire. The influence of the factors
has been evaluated against age, ethnicity, gender, marital
status, education, occupation, consumption of food and

groundwater, awareness levels for health, hygiene and As
toxicity, and body mass index (BMI). The outcome of the
questionnaire survey is presented in Tables 2a and 2b.

The survey reveals that male (51%) has dominated the
study population, where people are literate mostly up to
primary level (55%). The major occupation of the survey
population is farming (Table 2a). It has also noticed that
women have been largely kept in the dark about the threat of
As toxicity and in most instances they were the victims of the
social taboo and/or stigma. The observed BMI of the individ-
uals could be another important determining criterion for the
As ingestion risk assessment (Fig. 4). The scrutiny of the
analytical data indicates that the BMI has a closer association
with the ingestion risk of As from rice (marked by arrows in
Fig. 4) in comparison to ingestion risk of As from groundwater.

Survey of the awareness level for health and hygiene has
been made among the population at risk (Fig. 5 and Table 2b).
The population at risk has been divided into five age groups
such as subset I (0—10 yrs), subset II (11-20 yrs), subset III
(21-30yrs), subset IV (31—40 yrs) and subset V (41-50 yrs). The
data shows that awareness level is low among children
(subset I) and older-aged (subset V) population. On the other
hand, awareness level is relatively high among adolescents,
the young adults and the middle-aged working population (i.e.
subset II, IIl and IV). Those age group people may have the
opportunity to interact with the society and therefore can
exchange their views with others and quickly accumulate
information on the identifiable symptoms of arsenicosis as
well as management to minimize the risk of As exposure.

Table 2b — Status evaluation of As exposure via drinking water (mg/L) and rice (mg/kg) among various age groups, BMI (kg/

m?) and awareness levels for health, hygiene and As toxicity through Questionnaire Survey.

Age group Arsenic consumption Arsenic consumption Awareness levels Awareness level Body Mass Index
(yrs) through drinking through rice for health and  for arsenic toxicity (%)  (BMI) (kg/m?)
water (mg/L) (mg/kg, dw) hygiene (%)

Subset I (6—10) 0.018 0.08 58 50 19

Subset II (11—20) 0.027 0.13 78 78 20

Subset III (21—30) 0.039 0.20 78 93 24

Subset IV (31—40) 0.036 0.18 73 93 22

Subset V (41-50) 0.027 0.20 83 75 22
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Fig. 5 — Comparison of awareness level for health and
hygiene, and As toxicity among different age group
population.

4, Conclusion

This study demonstrates that the redox chemistry (in partic-
ular reduction of Fe-oxides/hydroxides) and the local biogeo-
chemical conditions regulate the dynamics of iAs in
groundwater. The questionnaire survey reveals that both
children and older people have low awareness level for As
toxicity compare to adolescents, the young adults and the
middle-aged people. The BMI seems to be an important
determining criterion for the As ingestion risk among the
individuals. The As exposures through various pathways (e.g.
drinking groundwater, food and dietary habits) demonstrate
urgent need for regulatory measures to optimize the mitiga-
tion strategies leading to the formulation of revised policy
option for ensuring human health in the affected regions.
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